The aim of this study was to identify a new gene of Haemophilus parasuis that could be used to develop a polymerase chain reaction (PCR) test for this porcine pathogen. H. parasuis genomic DNA was cloned into a set of expression vectors, and transformants expressing His-tagged polypeptides were identified by colony blotting. An ABC transporter-like gene was isolated. The cloned DNA fragment is 1,105 base pair and shows 78% similarity at the nucleotide level with an ABC transporter gene of H. ducreyi. Based on this sequence, two PCR primers were designed to amplify the entire 1,105-bp fragment in the proposed diagnostic PCR test. PCR amplification was able to detect a minimum of 1 × 10 4 CFU/ml of H. parasuis organisms. Fifteen different H. parasuis serovars were positive using the PCR test. No amplification was observed when the test was done using DNA from 16 other bacterial species commonly isolated from swine.
INTRODUCTION
Haemophilus parasuis is a small, non-motile, pleomorphic gram-negative rod of the family Pasteurellaceae (1, 2) . It is the causative agent of Glässer's disease, which is characterized by a fibrinous polyserositis, polyarthritis and meningitis. This illness is considered a sporadic, stressassociated disease of young pigs (2, 3) .
Diagnosis of H. parasuis infection is generally made by
isolation of the organism from a clinical specimen and subsequent biochemical analysis (2, 4, 5) . However, recovery of H. parasuis from specimens is low, due in part to the fragility and fastidious growth requirements of H. parasuis relative to other bacteria that may also be present in the specimen (2, 6) . In fact, a retrospective analysis conducted in diagnostic laboratories in Ontario, Canada indicated that the inability to confirm the presence of H. parasuis from submitted specimens (7) may have resulted in the true incidence of the disease being underestimated by as much as 10-fold. The polymerase chain reaction (PCR) provides fast and accurate identification of H. parasuis not only in pure culture but also in clinical samples, even when nonviable organisms are present (8) . Recently, several PCR In this study, we cloned and sequenced a new gene of H. parasuis using a colony blot technique to determine an immunogenic antigen. Based on gene sequence comparison using GenBank data, the newly identified gene has 83% amino acid sequence similarity with an ABC transporter of H. ducreyi, which is an ATP-binding protein and permease.
Since this species-specific gene was selected by comparative analysis among the gene from the bacteria within the Pasteurellaceae family, the PCR technique presented in this study could be a valuable method for diagnosis of H. parasuis infection from clinical materials. For propagation, all strains were inoculated on chocolate agar and incubated at 37℃ for 48 h. In this study, H. parasuis standard strain was used for genomic DNA extraction. All v-factor dependent strains were grown on chocolate agar, whereas all other strains were grown on sheep blood agar and nutrient agar. These cultures were incubated at 37℃ overnight. 
MATERIALS AND METHODS

Bacterial strains and culture conditions
Clinical samples
Sequence analysis of cloned genes
An ABI3730xl automatic sequencer (Applied Biosystems, Foster City, CA, USA) was used for analysis of the cloned inserts. SP6 promoter and T7 terminator primers were used as sequencing primers. DNA sequences were analyzed using the nucleotide BLAST algorithm [National Center for Biotechnology Information server (http://www.ncbi.nlm,nih.gov)] to identify homologous genes in the GenBank database.
PCR primers and PCR conditions
Based on the sequence data, a pair of primers specific for H. parasuis was designed: HP forward (5'-GAT CGA GTT GGA TGC CTG CAC GGT-3') and HP reverse ( were tested by PCR to determine the sensitivity of the proposed test. One milliliter of each dilution was used for DNA extraction. The tubes containing bacteria were boiled for 10 min. After boiling, the tubes were centrifuged at 12,000 rpm for 5 min. The supernatant was used as the DNA template and was also tested to determine the minimum amount of bacteria that could be detected in the samples.
Specificity of the PCR test was determined by testing serovars of H. parasuis and 16 bacterial species commonly isolated from pigs (Table 1) .
RESULTS
Isolation of H. parasuis polypeptide-expressing plasmid constructs
A total of 9 colonies out of about 2,500 showed a positive reaction against anti-His tag monoclonal antibody. Four colonies showing the strongest signals were picked.
Plasmid DNA was extracted from the 4 colonies and the sequences of the inserts were analyzed. One of these clones, named 2A3, showed significant similarity to sequences in GenBank (see below) and was therefore chosen for further characterization. To verify the presence of an insert in the pET vector, clone 2A3 was digested with restriction enzymes (Fig. 1) . Clone 2A3 digested with Not I (which cuts once in the vector) was linearized to a fragment larger than linearized pET vector (Fig. 1, lane 3) , thus indicating the presence of an insert in 2A3. Because the H. parasuis genomic DNA was originally subjected to partial digestion with Sau3A1 and ligated into BamHI-digested vector, the 2A3 clone should have at least 2 Sau3A1 restriction enzyme sites (GATC), one or both (or neither) of which could also be part of a BamHI site (GGATCC). Digestion with BamHI released a fragment of about 1 kb from the vector (Fig. 1,   lane 4) , thus establishing the size of the insert.
Sequence of the 2A3 DNA insert
The 2A3 DNA insert-containing plasmid was subjected to further sequence analysis. Analysis of the determined Latest BLAST analysis showed this sequence showed following similarity with ABC transporter genes from some bacterial species; 95% similarity with H. parasuis, 76% similarity with Actinobacillus pleuropneumonia, and 74% similarity with H. somni.
PCR specificity and sensitivity
Two H. parasuis-specific primers were designed based on a species-specific gene and, as predicted, an H. parasuisspecific 1,105-bp PCR product was amplified from H. parasuis genomic DNA (Fig. 2) . The PCR test detected 15 different H. parasuis serovars whereas the PCR result was negative for 16 other bacterial species that were tested ( Table 1 ). The 2A3 PCR primer pair detected a minimum concentration of 1 × 10 4 CFU/ml of H. parasuis organisms (Fig. 3) . The 2A3 DNA insert-specific bands were observed when the PCR was performed using DNA extracted from bacterial suspensions in the range of 10 (Table 2) .
DISCUSSION
Because of the fastidious growth requirements of H.
parasuis, isolation and identification of this pathogen from clinical specimens have been challenging. To overcome these difficulties, several PCR methods were developed for rapid and accurate diagnosis of the bacterium (8, 11, 12) .
In addition, gene amplification by PCR can provide other important information, including data on pathogenicity or serovar, when the amplified PCR product is characterized by RFLP or sequence analysis (13) . To diagnose H. parasuis infection by PCR, primers were designed based on the 16S small ribosomal DNA subunit of H. parasuis (8) . However, the authors reported that their primers showed a weak false positive reaction against another member of the Pasteurellaceae family, Actinobacillus indolicus (8) . Recently, the PCR using modified 16S rDNA primer reported by Angen et al. (9) improved the weakness of Oliveira's PCR (8) and the formal PCR was found to be complete species specific for H. parasuis. Oliveira reported a detection rate of 48.6% based on 16S ribosomal DNA PCR, and a bacterial isolation rate of 12.3% (14) . The PCR detection rate and the ducreyi is 78%, and 99% identity with ABC type oligopeptide transport system in H. parasuis in recent BLAST analysis. However, the 2A3 sequence has 76% identity with A. pleuropnumoniae strains, which shows less similarity for 16S rDNA sequence. Therefore, PCR primers based on the putative ABC transporter gene 2A3 is thought to detect H. parasuis specifically. In a diagnostic real-time PCR for Mycoplasma hyopneumoniae, the agent of swine mycoplasma pneumonia, a pair of primers amplifying a putative ABC transporter gene was used (15) . It showed high sensitivity and specificity. Likewise, the ABC transporter gene in this study could be a valuable PCR target for H. parasuis detection.
In conclusion, we analyzed a previously unknown gene encoding an ABC transporter-like protein of H. parasuis and developed a new PCR diagnostic tool using primers designed from the aforementioned sequence. The PCR product seems to be highly specific for H. parasuis, allowing the pathogen to be differentiated from other bacteria with appreciable sensitivity. Since this species-specific gene was selected by comparative analysis among the gene from the bacteria within the Pasteurellaceae family, the PCR technique could be a valuable method for diagnosis of H. parasuis infection from clinical materials.
